We outline a mechanism explaining how afterdischarges may arise following electrical stimulation of the brain -a phenomenon that has remained unexplained for >75 years. We achieve a unifying link between the neurobiology of brain stimulation and the physics of coupled nonlinear oscillators. Our findings offer potentially new insight into the process of neural synchronisation underlying focal seizure disorders.
h i g h l i g h t s
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a b s t r a c t
Objective: No synoptic understanding exists of how and why afterdischarges (ADs) occur following electrical stimulation of the cerebral cortex. Based on human observations, we formulated a general mechanism for the emergence of ADs. Methods: We retrospectively analysed spectra of AD time-series and control segments of the resting electrocorticogram (ECoG) in 15 epilepsy patients who underwent cortical stimulation mapping. The observations led to the development of phenomenological models for AD emergence and morphology. Results: An analytical relationship exists between the spectrum of the baseline ECoG and the ensuing AD, characterised by 'condensation' of the main baseline spectral cluster, with variable inclusion of higher harmonics of the condensate. Conclusions: ADs arise by synchronisation of pre-existing local field potentials, likely through temporary inactivation of inhibitory interneurons from repetitive stimulation-induced depolarization. The appearance of higher harmonics indicates that ADs are further modulated by recurrent feedback, likely from the entrained activity of single units. Significance: For the first time, a putative mechanism is suggested for AD emergence following electrical stimulation of the cerebral cortex. Insight is also offered into several empirical observations regarding ADs, detailed in the main text. More generally, a novel conceptual synthesis emerges between the behaviour of electrically-excited cortex and the physics of nonlinearly coupled multi-oscillator systems. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
First observed by (Adrian, 1936) , stimulation-induced afterdischarges (ADs) are paroxysms of local epileptiform activity that follow focal electrical stimulation of cerebral cortex. ADs are visually striking on the electroencephalogram (EEG) directly recorded from brain surface (the electrocorticogram; ECoG), appearing as large-amplitude, well-organised rhythms that stand out from the baseline. Early simultaneous microelectrode and surface EEG recording (Gerin, 1960) established that ADs are rhythmic largescale fluctuations of the local field potential that, at onset, are independent of individual neuronal action potentials but later synchronously entrain single units.
ADs are observed in several different experimental preparations; in human subjects they are commonly observed during cortical stimulation mapping (CSM) carried out for localisation of eloquent function prior to resective surgery for refractory focal epilepsy or brain tumours (Blume et al., 2004; Lesser et al., 2008 Lesser et al., , 1984 Pouratian et al., 2004; Tandon, 2008) . Stimulation parameter
